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[57] ABSTRACT

The fin for a heat exchanger which consists essentially of a
matrix of tubes and of fins disposed transversely to the latter,
the fin having pass-through elements to receive tubes which
are to be joined mechanically, while a first, preferably liquid
medium flows through the tubes and the fin is acted on by
a second, preferably gaseous medium. Multiple fins are
positioned in their fin pitch by integral spacers, wherein the
spacers are in the form of noses stamped out of the pass-
through elements and distributed over the periphery of the
latter.

10 Claims, 4 Drawing Sheets
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METHOD OF FORMING FINS FOR A HEAT
- EXCHANGER

This application is divisional of application Ser. No
08/389,049, filed Feb. 15, 1995, now U.S. Pat. No. 5,582,
244,

BACKGROUND OF THE INVENTION

The invention relates to a fin for a heat exchanger,
consisting essentially of a matrix of tubes and of fins
disposed transversely to the latter, said fins having pass-
through elements to receive tubes which are to be joined
mechanically, while a first, preferably liquid medium flows
through the tubes and the fins are acted on by a second,
- preferably gaseous medium and are positioned in their fin
pitch by integral spacers. |

Heat exchanger fins are known from DE-A-37 28 969 and
also from DE-C-34 23 746. The power of a heat exchanger
is governed, among other factors, by its fin density or
so-called fin pitch (number of fins per decimeter), and to
ensure uniform quality this predetermined fin density must
therefore be accurately maintained, for which reason spacers
intended to position the fins on the tubes are provided. Such
spacers can be formed either as tabs produced from the fin
sheet, which then also serve as turbulence producers, or by
bent-over contact surfaces attached at the ends of the pass-
through elements of the fins.

2

Advantageous developments of the invention are dis-

~ cussed below, while the invention can advantageously be
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In the case of DE-A 069 these contact surfaces are in the

form of tongues distributed over the periphery, while in the
case of DE-C 746 they are sickle-shaped contact surfaces
arranged on the longer sides of the ellipses. In such arrange-
ments it may be a disadvantage that, when the tubes are
expanded in relation to the pass-through elements of the fins,
complete contact is no longer ensured between the pass-
through element and the tube. In addition, the bending-over
of the contact surfaces constitutes an additional operation
after the formation of the pass-through clements.

SUMMARY OF THE INVENTION

One object of the present invention is to improve a fin of

the kind initially defined in such a manner that on the one
hand secure spacing apart of the fins and on the other hand
good heat transfer between the tube and the fins are
achieved, while in addition simple manufacture is possible.

This object is achieved by the fin for a heat exchanger
consisting essentially of a matrix of tubes and of fins
disposed transversely to the latter, the fins having pass-
through elements to receive tubes which are to be joined
mechanically, while a first, preferably liquid medium flows
through the tubes and the fins are acted on by a second,
preferably gaseous medium and are positioned in their fin
pitch by integral spacers, wherein the spacers are in the form
of noses stamped out of the pass-through elements and
distributed over the periphery of the latter. |

The novel spacers in the form of noses are partly stamped
outwards from the wall of the pass-through element, so that
their top edge forms a contact surface for the fin situated
above it. Owing to the fact that a plurality of noses are

distributed over the periphery of the pass-through element, -

good, stable support provided for the next fin. The noses can
moreover be produced in a simple manner, because the
additional operation of bending-over after the pass-through
 element has been formed is eliminated. Heat transfer is also
ensured, since the noses provided are only partial and thus
scarcely restrict the passage of heat between the inmer
surface of the pass-through element and the outer surface of
the tube. |
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applied both to tubes having circular cross sections and to
those having oval or elliptical cross sections. The noses
advantageously have approximately the shape of half-
pyramids or half-cones, which are divided vertically and
widen upwardly, that is to say in the pass-through direction.
The bottom tip of a nose of this kind, for example in the form
of a half-cone, is advantageously arranged slightly above the
plane of the fin, so that a continuous circumferential contact
surface of a certain width is mainfained between the tube and
the pass-through element of the fin, thus ensuring good heat
transfer. Since consequently a relatively great height of the
pass-through element is not necessary for reasons of heat
exchange, the noses are stamped in tabs which have a greater
height than the remainder of the pass-through element and
which thus dictate the value of the fin pitch or spacing. In the
case of oval or elliptical cross sections of the pass-through

element it is advisable for the noses to be offset relative to -

one another for manufacturing reasons—the maximum
height of the tabs can be obtained thereby. If the fin spacing
is less than the width of the pass-through element, the noses
or tabs may also lie opposite one another.

Finally, the invention also relates to a process for pro-
ducing the pass-through elements provided with the noses,
this being carried out in three or four successive operations,
the impression of the noses being effected by a punch stroke
either in the pass-through direction or oppositely thereto.

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred exemplary embodiments of the invention, and,
together with the general description given above and the
detailed description of the preferred embodiments given
below, serve to explain the principles of the invention.

One exemplary embodiment of the invention is described
more fully below and illustrated in the drawings, 1n which:

FIG. 1 shows a fin in plan view,
FIG. 2 shows on a larger scale, in section, the fin shown

- in FIG. 1,

50

55

65

FIG. 3 shows on a larger scale a pass-through element of
the fin shown in FIG. 1,

FIGS. 4a, 4b, 4¢ and 4d show the individual steps of the

process for the production of the pass—through element
provided with noses,

FIG. 5 shows on a larger scale a tube prowded Wlth fins,
and

FIG. 6 shows a detail from FIG. 5: a tube wall together
with fin pass-through elements.

'DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows in plan view a fin 1 having pass-through
elements 2 which have a flat oval shape and are arranged in
two rows offset relative to each other, and gill areas 3 being
arranged in each case between the pass-through elements 2.
The pass-through elements 2 receive tubes (not shown)
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which have identical cross sections and which are mechani-
cally expanded relative to the pass-through elements and
thus provide the contact required for heat conduction or heat
transfer. In the region where no gill areas 3 and no pass-
through elements 2 are provided, the fin 1 forms an essen-
tially plane surface 4. Each pass-through element 2 has three
noses 8, 9. 10, as will be explained more fully below. The fin
1 is preferably made of aluminum or an aluminum alloy and
has a thickness of about 0.1 millimeter.

FIG. 2 shows on a larger scale a section II—II through the
fin shown in FIG. 1, so that in particular the inclined gills,
known per se, of the gill areas 3 can be seen. They cause a
deflection of the air passing over the fins, whereby the
transfer of heat on the air side is intensified. In this figure
two pass-through elements 2 are shown in side view, it being
possible in each case to see three tabs 5, 6, 7 in which the
noses 8, 9, 10 are in each case impressed centrally. The tabs
8, 6, 7 are thus offset in relation to one another, that is to say
the tabs 5 and 7 lie at the front and the tab 6 lies at the rear,
that is to say on the rear longitudinal side of the pass-through
element 2. .

In FIG. 3 a pass-through element 2 is shown, likewise 0
a larger scale, namely in a plan view a as a flat oval shape,
in which the noses 8, 9, 10 can clearly be seen as bulges
having the shape of segments of a circle. A dot-dash line 11
is shown in the interior of the flat oval pass-through element
2 and bounds a stamped-out portion 12, so that the pass-
through area 2' can be seen in the plane state before
formation of the pass-through element. On the right and left
of the pass-through element a, sections ¢ and b of the
pass-through element are shown, the illustration b on the left
indicating the centrally situated tab 6 provided with the nose
9, while the right-hand illustration c¢ indicates the two tabs
§ and 7 situated eccentrically and provided with the noses 8
and 10. The noses 8, 9, 10 have in each case an outwardly
falling top edge 8', 9', 10', which produces the spacing H'
(see FIG. 6) of the fins. It can be seen that the height H of
the tabs S, 6, 7 exceeds the height h of the remainder of the
pass-through element, although a continuous region 13 is
obtained which has the height h and bears all around against
the outside circumference of the tube, so that a closed heat
transfer surface is formed between the fin and the tube, this
surface moreover also maintaining the elastic stress neces-
sary after the expansion.

As already indicated by the line 11 in FIG. 3, FIGS. 4a,
4b, 44 and 44 now show the individual steps of the process
for the production of the pass-through element according to
the invention. FIG. 4a shows the fin sheet 20 after the
punching, that is to say a strip 24 having rounded ends 22,
23 is cut out of the plane fin sheet 20 by means of a suitable
perforating punch, while offset tabs 25, 26, 27 are cut free.
As shown in FIG. 4b, in the following step of the process,
by means of a stamping punch, noses 28, 29, 30 are
impressed in these tabs 25, 26, 27, the noses having a
pyramidal shape, that is to say being formed of two plane
triangular surfaces inclined relative to one another. In the
next step of the process, as illustrated in FIG. dc, the
pass-through element 21 is drawn in, that is to say only
‘“ilted”, against a die 31 having a correspondingly oval-
shaped bending edge, so that the noses come to lie straight
against the inner wall of the die 31 but the remainder of the
pass-through element 21 still has a conical shape. In FIG. 4¢
the tabs 2§', 26', 27' are thus shown shortened in relation to
FIG. 4b.

In the last step of the process, shown in FIG. 4d, the
pass-through element is completed, that is to say the collar
21 is formed by means of a punch (not shown), so that it
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4

acquires a cylindrical shape (having a flat oval cross section)
and the noses 25", 26", 27" project outwards as triangles,
which is made possible by means of corresponding cutouts
32. 33, 34 in the die. By the process described the pass-
through elements in which the noses are formed can be
produced in a simple manner, quickly and with uniform
quality. .

Another process is also possible, in which the steps of the
process according to FIGS. 4b and 4c¢ are carried out only at
the end, namely with the aid of a stamping punch which is
introduced from above into the completed pass-through
clement.

FIG. S shows on a larger scale a section of a tube 40 onto
which fins 41 to 45 have been “threaded”. This tube 40 is
part of a heat exchanger (not further shown), the shape and
pitch of whose tubes and the formation of whose fins could
correspond to FIG. 1. As already mentioned, the fins 41 to
45 are joined mechanically to the tube 40, that is to say are
connected by a metallic interference fit throngh expansion of
the tube 40 in relation to the pass-through elements of the
fins. No soldering or adhesive bonding, that is to say joining
of materials, is therefore required.

FIG. 6 shows on a larger scale a part of FIG. 5, namely a
part of the tube wall 40 and three fin portions 41, 42, 43, the
pass-through elements 46, 47, 48 of which, having the height
h, lie closely circumferentially against the tube 40, while
their noses 49, 50, 51 project from the outside wall of the
tube 40 and, by means of their top edge, fix the spacing H’
of the fins 41, 42, 43. The fin spacing H' is slightly smaller
than the height H of the tabs (see FIGS. 35 and 3c¢), because -
the pass-through element of the fin has a transition radius on
which the noses are supported. Both FIGS. § and 6 show the
completed tube and fin arrangement, that is to say in the
completely mechanically connected state of the tube and
pass-through elements of the fins after the expansion of the
tube 40°

Fins of this kind, which are connected to a nest of paraliel
tubes which in turn are received in tube plates of collecting
tanks, are used in particular in heat exchangers for motor

vehicles, for example as radiators for the air cooling of
engine coolants or as heat exchangers for heating systems.
In such cases flat oval tube cross sections have an advan-
tageous effect in respect of the pressure drop on the air side.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details, and
representative devices, shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents. |

What is claimed is:

1. A process for the production of pass-through elements
for a fin, the process comprising the steps of:

a) punching pass-through openings in a plane fin sheet
and forming a plurality of tabs around each of the
pass-through openings,

b) stamping convex surface protrusions having a pyrami-
dal shape in the tabs by a stamping punch pressing in
a pass-through direction, .

¢) drawing in and tilting, by a punch and a die, the tabs
provided with each of the stamped convex surface
protrusions, and

d) forming a collar together with the tabs for each of the
convex surface protrusions. |

2. A process according to claim 1, wherein the pyramidal
shape includes a first plane triangular surface and a second
plane triangular surface, and
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wherein the first and second plane triangular surfaces are
inclined relative to each other.

3. Aprocess according to claim 1, wherein the tabs formed
around each of the pass-through openings are offset with

respect to each other, such that each of the corresponding

tabs around a particular one of the pass-through openings
does not face any of the tabs around the particular one of the
pass-through openings.

4. A process according to claim 1, wherein each of the
pass-through openings is punched at the same time and in a
single operation during the step a). |

S. A process according to claim 1, wherein, after the step
d), the tabs are disposed at a substantially different height
with respect to the plane fin sheet than the collar is disposed
with respect to the plane fin sheet.

6. A process for the production of pass-through elements
for a fin for a heat exchanger, the heat exchanger including
a matrix of tubes and of fins disposed u'ansversely to the
tubes, said fin comprising:

pass-through elements to receive the tubes to be joined
mechanically, while a first medium flows through the
tubes and the fin is acted on by a second medium; and

a plurality of integral spacers for positioning an adjacent
fin in a fin pitch;

wherein the integral spacers are in a formm of convex
surface protrusions stamped out of the pass-through

elements and distributed over a periphery of the pass-
through clements, the process comprising the steps of:
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a) punching pass-through openings in a plane fin sheet
and forming a plurality of tabs around each of the
pass-through openings:

b) forming a pass-through element, including a collar
together with the tabs, into a cylindrical shape; and

c) impressing convex surface protrusions having a
pyramidal shape on the tabs by a stamping punch
traveling from above into a free end of the pass-
through element.

7. A process according to claim 6, wherein the pyramidal
shape includes a first plane triangular surface and a second
plane triangular surface, and

wherein the first and second plane triangnlar surfaces are

inclined relative to each other.

8. A process according to claim 6, wherein the tabs formed
around each of the pass-through openings are offset with
respect to each other, such that each of the corresponding
tabs around a particular-one of the pass-through openings
does not face any of the tabs around the particular one of the

- pass-through openings.

9. A process according to claim 6, wherein, after the step
c), the tabs are disposed at a substantially different height
with respect to the plane fin sheet than the collar is disposed
with respect to the plane fin sheet.

10. A process accord;mg to claim 6, wherein each of the
pass-through openings are punched at the same time and in

a single operation during the step a).
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